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1
APPARATUS AND METHOD FOR PURGING A
GAS TURBINE ROTOR

The present invention relates to apparatus and methods for
purging a gas turbine rotor.

BACKGROUND OF THE INVENTION

During start-up or shut-down operation, a certain localized
volume of the individual wheel experiences higher or colder
temperature than the bulk of the wheel. This induces high
temperature gradient resulting in high localized thermal
stress along with wheel dishing, which are detriment to not
only low cycle fatigue and damage tolerance capability of the
wheel but also transient wheel to wheel behavior. In order to
reduce temperature gradient, the unit rotor wheels require a
secondary flow system to cool/heat the bulk of the wheel
during transient operation.

In a gas turbine, the unit rotor during its full range of
operation experiences temperatures higher than the material
capability. As such, the rotor components are subject to low
cycle fatigue, embrittlement and creep issues, which are det-
rimental to the performance of the system. The unit rotor
wheels require a thermal management system to cool/heat the
wheels during full range of operation.

In gas turbine engines it is typical to bleed air from the
compressor(s) and to supply the bleed air to the turbine(s) of
the gas turbine engine in order to carry out sealing and ther-
mal management of the turbine(s). The bleed air must be
supplied to the turbine(s) from the compressor(s) with mini-
mum pressure loss so that it has sufficient pressure to provide
cooling air and give sealing at the turbine(s).

In one bleed arrangement the bleed air is bled from the
compressor(s) generally in a radially inward direction and is
then supplied in a downstream direction through the center of
the engine, for example through drive shafts or other suitable
means, to the turbine(s). The bleed air is passed generally
radially through a vortex reducer in order to ensure that there
is a minimum pressure loss in the bleed air. The axial flow
compressor comprises a rotor having a plurality of stages of
circumferentially spaced radially outwardly extending rotor
blades and a casing surrounding and spaced from the rotor
and rotor blades. The rotor comprises at least two axially
adjacent rotor discs defining a chamber therebetween and an
air bleed integral with the rotor arranged to bleed a portion of
air from the compressor and supply it radially inwardly to the
chamber. The two axially adjacent rotor discs have opposed
radially extending surfaces, at least one of the opposed radi-
ally extending surfaces is contoured to direct the bleed air
radially inwardly to prevent the formation of a free vortex
within the chamber and thereby reduce pressure losses in the
bleed air flowing through the chamber.

The contouring of at least one of the radially extending
surfaces may comprise a plurality of circumferentially spaced
radially extending vanes. The vanes extend axially from at
least one of the opposed radially extending surfaces by a
substantially small proportion of the axial distance between
the opposed radially extending surfaces of the adjacent rotor
discs.

BRIEF DESCRIPTION OF THE INVENTION

According to one embodiment of the present invention, a
rotor wheel for a gas turbine rotor comprises a first side
having a plurality of curved paddles separated by a plurality
of curved slots and a second side having a plurality of radial
paddles separated by a plurality of radial slots. The first side
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is configured to be exposed to a flow of compressed air
through the rotor in a radially downward direction of the rotor
wheel and the second side is configured to be exposed to the
flow in a radially upward direction of the rotor wheel.
According to another embodiment of the present invention,
a method of purging a rotor of a gas turbine, comprises pro-
viding a flow of compressed air between adjacent rotor
wheels of the rotor in a radially downward direction on a first
side of each wheel and in a radially upward direction on a
second side of each wheel; passing the flow through a curved
slots on the first side of each rotor wheel; and passing the flow
through radial slots on the second side of each rotor wheel.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an illustration of a gas turbine rotor including a
plurality of rotor wheels according to an exemplary embodi-
ment of the present invention;

FIG. 2 is an illustration of a radially-upward-flow side of a
rotor wheel according to an exemplary embodiment of the
present invention;

FIG. 3 is an illustration of a radial paddle of the radially-
upward-flow side of the rotor wheel of FIG. 2;

FIG. 4 is an illustration of a radially-downward-flow side
of'the rotor wheel according to an exemplary embodiment of
the invention; and

FIG. 5 is an illustration of the curved paddle of the radially-
downward-flow side of the rotor wheel of FIG. 4.

DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 1, a gas turbine rotor 2 includes a plural-
ity of rotor wheels 4 in axial alignment. A purge flow 6 is
provided between opposing radial faces R1, R2, R3 of the
rotor wheels 4. Referring to FIG. 2, the radial face R1 of the
rotor wheel 4 is on a radially-upward-flow side of the rotor
wheel 4 as the purge flow 6 flows radially upward or outward
with respect to the bore of the rotor wheel 4. The radially-
upward-tflow side of'the rotor wheel 4 includes radial paddles
8 that include radial slots 12 (FIG. 3) extending between the
radial paddles 8.

The radial paddles 8 may include recesses 10 that may be,
for example, carved or machined out of the radial paddles 8 to
reduce the weight of the rotor wheels 4 and improves the
wheel bores temperature response. The radial slot 12 may be
formed by, for example, milling. This reduces machining
costs and cycle time. The radial slot 12 also reduces pressure
loss of the purge flow 6. The radial slot 12 may also be easier
to form than the curved slot 18. For example, the radial slot 2
may be milled in one pass whereas the curved slot 18 may
require a plurality of passes, for example 3 to 4 passes.

Referring to FIGS. 4 and 5, a radially-downward-flow side
of the rotor wheel 4, for example radial face R3, includes a
plurality of curved paddles 14 that are separated by curved
slots 18. The purge flow 6 is radially downward as the purge
flow 6 flows radially downward or inward with respect to the
bore of the rotor wheel 4. The curved paddles 14 may also
include recesses 16 that may be, for example, carved or
machined out of the curved paddles 14. The curved slots 18
each include a paddle entrance 20 and an angled exit 22. The
curved slot has 6 design parameters, including entrance angle
0,, slot curvatures R, and R,, slot width W, slot depth D, and
exit angle 0, that may be designed to minimize the entry
losses of the purge flow 6 and convert the tangential velocity
of the purge flow 6 into a static pressure head by creating a
swirl at the paddle entrance 20. The angled exit 22 increases
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the flow’s relative velocity at the bore of the rotor wheel 4 and
increases the swirl of the flow at the bore to increase heat
transfer to the wheel bores.

The rotor wheels including the curved paddles and slots on
the radially-downward-flow side of the purge flow and the
radial paddles and slots on the radially-upward-flow side of
the purge flow improve the performance of the purge flow by
converting the tangential velocity head of the purge flow into
astatic pressure head. The rotor wheels also improve rotor life
and vibration characteristics by controlling the rotor wheel
temperature through improved heat transfer to the wheel
bores. The radial slots in the radially-upward-flow side reduce
machining costs and cycle time while reducing the pressure
loss of the purge flow. The recessed portions of the radial
paddles and the curved paddles reduce the weight of the rotor
wheels and improve the bore temperature response of the
rotor wheels. The purge system of the rotor also improves the
fast start capability of the gas turbine.

While the invention has been described in connection with
what is presently considered to be the most practical and
preferred embodiment, it is to be understood that the inven-
tion is not to be limited to the disclosed embodiment, but on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A rotor wheel for a gas turbine rotor, comprising:

a first side having a plurality of curved paddles separated
by a plurality of curved slots, wherein the curved slots
are curved along a longitudinal axis of each of the slots;
and

a second side having a plurality of radial paddles separated
by a plurality of radial slots, wherein the radial slots have
alinear axis and wherein the first side is configured to be
exposed to a flow of compressed air through the rotor in
aradially downward direction of the rotor wheel and the
second side is configured to be exposed to the flow in a
radially upward direction of the rotor wheel.

2. A rotor wheel according to claim 1, wherein the plurality
of curved slots each include an entrance configured to swirl
the purge flow to convert a tangential velocity head of the
purge flow into a static pressure head.

3. A rotor wheel according to claim 2, wherein the plurality
of'curved slots each include an exit at an angle to a bore region
of the rotor wheel configured to swirl the purge flow and
increase heat transfer to the bore region of the rotor wheel.

4. A rotor wheel according to claim 1, wherein each of the
plurality of curved paddles and each of the plurality of radial
paddles comprises a recess.

5. A rotor wheel according to claim 4, wherein each recess
is machined.
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6. A rotor wheel according to claim 5, wherein each recess
is milled.

7. A rotor wheel according to claim 1, wherein each of the
plurality of radial slots and each of the plurality of curved
slots are machined.

8. A rotor wheel according to claim 7, wherein each of the
plurality of radial slots and each of the plurality of curved
slots are milled.

9. A rotor for a gas turbine comprising a plurality of rotor
wheels according to claim 1.

10. A method of purging a rotor of a gas turbine, compris-
ing:
providing a flow of compressed air between adjacent rotor
wheels of the rotor in a radially downward direction on
a first side of each wheel and in a radially upward direc-
tion on a second side of each wheel;

passing the flow through a plurality of curved slots on the
first side of each rotor wheel, wherein the curved slots
are curved along a longitudinal axis of each of' the slots;
and

passing the flow through a plurality of radial slots on the
second side of each rotor wheel, wherein the radial slots
each have a linear axis.

11. A method according to claim 10, wherein passing the
flow through the plurality of curved slots comprises convert-
ing a tangential velocity head of the flow at an entrance of
each of the plurality of curved slots into a static pressure head.

12. A method according to claim 11, wherein converting
the tangential velocity head of the flow at the entrance of each
of the plurality of curved slots into a static pressure head
comprises swirling the flow at the entrance to each of the
plurality of curved slots.

13. A method according to claim 11, wherein passing the
flow the plurality of curved slots comprises directing the flow
out of the plurality of curved slots at an angle to a bore of the
rotor wheel and in a direction of rotation of the rotor wheel.

14. A method according to claim 10, wherein the plurality
of curved slots are provided between a plurality of curved
paddles on the first side of each rotor wheel.

15. A method according to claim 14, wherein the plurality
of radial slots are provided between a plurality of radial
paddles on the second side of each rotor wheel.

16. A method according to claim 15, wherein each of the
plurality of curved paddles and each of the plurality of radial
paddles comprises a recess.
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